The objective of the study is to describe the prevalence of a number of condition variables and their interrelations in children with craniofacial anomalies (CFAs). The participants were 217 children with CFAs (125 boys and 92 girls), aged 5 to 16 years. The medical files and brain imaging provided information on most condition variables except for the variable phenotypical expression, on which information was obtained in a rating experiment. Brain anomalies were present in 77 subjects (36%), absent in 79 subjects (36%), and undefined in 61 subjects (28%). Craniosynostosis occurred in 160 children (74%), a syndromic diagnosis in 108 (50%), and clinical hypertelorism in 72 (33%). The mean phenotypical expression score was 4.8 (SD = 2.1), the mean number of hospitalizations was 6.2 (SD = 5.6), and mean age at craniotomy was 10.9 months (SD = 9.3). Many of the condition variables were significantly interrelated. Brain anomalies occur frequently (36%) in syndromic and nonsyndromic forms of CFAs. The most salient condition variables are the presence of brain anomalies, a syndromic diagnosis, clinical hypertelorism, a severe phenotypical expression, and female gender. Individuals presenting with one or more of these condition variables probably form the most severely affected group and require more treatment.
R
esearch on craniofacial anomalies (CFAs) has often been categorical (diagnosisspecific) in nature. [1] [2] [3] [4] [5] Because most diagnoses occur sporadically, this approach often yielded small sample sizes, thus limiting the power of these studies.
In this study, a noncategorical approach is used to describe a number of condition variables in a heterogeneous sample of children with CFAs. These variables are hypothesized to be relevant for cognitive and psychosocial functioning. It is assumed that children with different diagnoses have a number of commonalities that are more critical for psychosocial functioning than the specific diagnosis. 6 The noncategorical approach focuses on the generic dimensions of craniofacial anomalies, which lead to common life experiences and problems.
The condition variables investigated in this study are brain anomalies, obliterated sutures, syndromic diagnosis, hypertelorism, phenotypical expression, age at craniotomy, and hospitalizations. We hypothesize that these variables are relevant for cognitive and psychosocial functioning.
The purpose of this study is twofold: to describe the prevalence of the condition variables and to investigate their interrelations.
MATERIALS AND METHODS

Design
T he present study is descriptive and retrospective. The condition variables are subdivided in two groups: anomaly-related variables (ie, brain anomalies, obliterated sutures, syndromic diagnosis, hypertelorism, phenotypical expression) and treatment-r e l a t e d v a r i a b l e s ( i e , a g e a t c r a n i o t o m y , hospitalizations). Furthermore, the sex of subjects is added as a variable. Table 1 shows the scoring of the variables.
Subjects
The subjects were recruited by the craniofacial teams of the University Medical Centers of Rotterdam and Utrecht. Inclusion criteria were a congenital anomaly of the neurocranium and facial skeleton (common oral clefts excluded) and age between 5 and 16 years.
The sample consisted of 125 boys (58%) and 92 girls (42%). The mean age of the children in the sample was 8.4 years (SD = 2.5, range: 5.2-15.6 years).
Procedure
The study was approved by the Medical Ethical Committees of both participating medical centers.
With parental permission, the medical files of the children were examined to obtain information on all condition variables except for the variable of phenotypical expression.
To determine if a child had any brain anomalies, the medical file was screened on reports of brain ultrasound, computed tomography, and magnetic resonance imaging. Subsequently, these data were used to categorize children as having a cerebrocraniofacial dysplasia (CCFD; combination of CFAs with structural or acquired brain anomalies), craniofacial dysplasia (CFD; CFAs without brain anomalies), or craniofacial dysplasia without information concerning brain anomalies (CFD-NI). 7 The last group, CFD-NI, consisted of all subjects who never had any brain imaging.
To obtain information on the phenotypical expression, a slide rating experiment 8 was performed in which five-point Likert scales were used to rate the facial unattractiveness and the facial impairment of the children. These two ratings were summed into the variable phenotypical expression. This was possible because the correlation between the variables unattractiveness and impairment was high (0.94).
Analyses
Frequency tables as well as descriptive statistics were used to analyze the condition variables. Pearson product moment correlations were computed between the variables to study their interrelations.
RESULTS
F
irst, the descriptive statistics of the variables are presented, followed by the interrelations of the variables (only correlations significant at the 5% level are discussed).
Descriptives
In 72% of the subjects (n = 156), at least one type of brain imaging (brain ultrasound, computed tomography, and magnetic resonance imaging) was performed, whereas 28% of the subjects (n = 61) never had any brain imaging (CFD-NI group). The results of brain imaging were abnormal in 77 (36%) children (CCFD group) and normal in 79 (36%) subjects (CFD group). Table 2 shows the frequencies and descriptive statistics of the condition variables.
The brain anomalies that were found in the CCFD group are shown in Table 3 . The most frequently observed brain anomaly was disturbance of cerebrospinal fluid circulation, which was noted in 86% of the 77 children in the CCFD group. Malformations of the cerebral cortex were observed in 27%, 
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and malformations of the midline structures were seen in 21%. One brain anomaly was found in 46 cases, and various combinations of anomalies were seen in 31 cases. In the total CFA group (n = 217), craniosynostosis was present in 160 children (74%), a syndromic diagnosis was made in 108 children (50%), and clinical hypertelorism was observed in 72 children (33%). The mean phenotypical expression score was 4.8 (SD = 2.1) and ranged from 1.4 to 9.0.
For 145 children, information was available concerning the age at which the first craniotomy took place. Two different types of craniotomy operations were performed: craniotomy with fronto-orbital advancement and craniotomy with remodeling. The mean age at craniotomy was 10.9 months (SD = 9.3, range: 2-45 months). The mean number of hospitalizations was 6.2 and ranged from 0 to 41.
INTERRELATIONS
Anomaly-Related Variables Among Themselves
T he variable brain anomalies was significantly correlated with the anomaly-related variables obliterated sutures, hypertelorism, and phenotypical expression (Table 4) . Porencephalic cyst, porencephaly, porencephalic cleft, interhemispheric arachnoidal cyst *The total number of brain anomalies (n = 119) exceeds the number of subjects (n = 77), because some of the subjects had multiple brain anomalies. The mean number of obliterated sutures was significantly higher in the CCFD and CFD groups than in the CFD-NI group. This difference can be explained by the fact that the CCFD group and the CFD group predominantly (81% and 82%, respectively) consisted of individuals with craniosynostosis, whereas in the CFD-NI group, 54% had craniosynostosis (Table 5) .
Clinical hypertelorism was seen more frequently in the CCFD group (56%) than in the CFD group (24%) and CFD-NI group (16%) ( Table 6 ).
The phenotypical expression was more severe in the CCFD group than in the CFD and CFD-NI groups (see Table 5 ).
The variable obliterated sutures was significantly correlated with the anomaly-related variables brain anomalies, hypertelorism, and phenotypical expression (see Table 4 ). The mean number of obliterated sutures was higher in children with clinical hypertelorism than in children without hypertelorism, and higher numbers of obliterated sutures were associated with more severe phenotypical expression (see Table 5 ).
The variable syndromic diagnosis was significantly correlated with the anomaly-related variables hypertelorism and phenotypical expression (see Table 4 ). In the syndromic group, clinical hypertelorism was observed in 49% of the children (n = 108) compared with 17% in the nonsyndromic group (n = 109; see Table 6 ). The phenotypical expression was more severe in the syndromic group than in the nonsyndromic group (see Table 5 ).
The variables hypertelorism and phenotypical expression were both significantly correlated with all other anomaly-related variables (see Table 4 ). The phenotypical expression was more severe in children with clinical hypertelorism than in children without hypertelorism (see Table 5 ).
Treatment-Related Variables Among Themselves
No significant correlation existed between the variables age at craniotomy and hospitalizations. In fact, age at craniotomy was the only variable that was not significantly correlated with any other variable in this study (see Table 4 ).
Anomaly-and Treatment-Related Condition Variables
The anomaly-related variables brain anomalies, syndromic diagnosis, hypertelorism, and phenotypical expression were all significantly correlated with the treatment-related variable hospitalizations (see Table 4 ). The mean number of hospitalizations was significantly higher in the CCFD group than in the CFD and CFD-NI groups. Individuals from the syndromic group were hospitalized significantly more frequently than individuals from the nonsyndromic group. Children with clinical hypertelorism were hospitalized more often than children without hypertelorism. Furthermore, higher numbers of hospitalizations were associated with more severe phenotypical expression.
Sex of Subject
A low but significant correlation existed between the sex of a subject and the variables syndromic diagnosis, phenotypical expression, and hospitalizations (see Table 4 ). Girls showed a higher percentage of syndromic diagnosis, had a more severe phenotypical expression, and were hospitalized more frequently than boys (see Tables 5 and 6 ).
DISCUSSION
T his study shows that brain anomalies occur frequently in children with CFAs: 36% of the children in the sample turned out to have at least one brain anomaly. In the general population, anomalies of the central nervous system occur in approximately 1% of births/newborns. 9, 10 In fact, the observed frequency of brain anomalies (36%) might even be underreported. Two arguments for this can be given.
First, almost one third of the subjects in this sample did not have any brain imaging. Second, most brain anomalies were found using computed tomography, whereas magnetic resonance imaging is considered to be more suitable and precise in showing brain anomalies.
A number of studies have been found that report on the frequency of hydrocephalus in children with CFAs. 2, 11 These studies cannot be compared with the current study, however, because the former studies dealt with specific subgroups of CFAs (Apert syndrome and craniosynostosis, respectively).
In the past, many studies concerning brain anomalies have been focused on individuals with syndromic craniosynostosis. [1] [2] [3] 12, 13 In the current study, the group of children with brain anomalies consisted of 41.6% of children with a nonsyndromic diagnosis (see Table 6 ). This implies that future research on brain anomalies should also involve individuals with a nonsyndromic diagnosis.
The significant correlation between the variable brain anomalies and the facial characteristics hypertelorism and phenotypical expression is not surprising, because several authors have stressed that "a close interconnection exists between the embryonic development of the brain, the face and the craniofacial skeleton". 7, 14, 15 Subtle differences were found between the boys and the girls in this sample. Despite the fact that more boys than girls participated in this study (58% boys and 42% girls), the percentage of a syndromic diagnosis is higher in girls. Furthermore, the phenotypical expression was more severe in girls, and they CCFD = cerebrocraniofacial dysplasia; CFD = craniofacial dysplasia; CFD-NI = craniofacial dysplasia-no imaging; n.s. = no significant correlation.
were hospitalized more frequently. This was also observed by Renier et al 16 in their study on fibroblast growth factor receptor 3 mutation in nonsyndromic coronal synostosis. They found that girls with the mutation were more severely affected than boys.
In conclusion, the most salient condition variables in children with CFAs are the presence of brain anomalies, a syndromic diagnosis, clinical hypertelorism, a severe phenotypical expression, and female gender. Individuals presenting with one or more of these condition variables probably form the most severely affected group, requiring more treatment (hospitalizations).
Finally, the noncategorical approach that was used in this study has several advantages beyond the categorical (diagnosis-specific) approach: first, it yields a larger sample size, which is important for the power of the study, and second, it focuses on other dimensions (condition variables) of CFAs that might be more predictive of psychosocial functioning than the clinical diagnosis. Therefore, in future reports, we will describe the relations between these condition variables and several cognitive and psychosocial parameters.
